Polarization of light emitted by a semiconductor microcavity in the regime of a resonant parametric scattering of the exciton polaritons shows extremely strong and unusual dependence on the polarization of pumping light. This dependence is interpreted here using the pseudospin model and in the framework of a quasiclassical formalism where the parametric scattering is described as resonant four-wave mixing. We show that the optically induced splitting of the exciton-polariton eigenstate, both in linear and circular polarizations, is responsible for the observed polarization effects. The splitting in circular polarizations, achieving 0.5 meV, has been detected experimentally, while the splitting in linear polarizations, which is much weaker, only manifests itself in the pseudospin dynamics of the exciton polaritons.
I. INTRODUCTION
Semiconductor microcavities have attracted a huge wave of interest since the discovery of stimulated scattering of exciton polaritons. 1 This effect revealed the bosonic nature of the exciton polaritons, the half-matter/half-light quasiparticles formed from strongly coupling an exciton resonance with an optical cavity mode. This has led to wide-ranging discussions about the possibility of Bose condensing the polaritons in microcavities that would open a way towards a new generation of optoelectronic devices ͑e.g., polariton lasers͒. The polariton spin dynamics during the course of this stimulated scattering has special importance for understanding the fundamental principles of the emission phenomenon. However, until now, very little has been known about the spin selection rules of the polariton scattering and previous experiments have shown a number of surprising effects that remain unexplained.
In this paper, we present a complete set of experimental data on the spin dynamics of resonantly excited exciton polaritons in a microcavity. This is quantitatively described within an original theoretical model. We demonstrate the existence of optically induced splittings of the exciton resonance in both linearly and in circularly polarized pumping of our system. We show that these splittings have a huge impact on the polarization dynamics of the polaritons.
We start by recalling the main features of the experiment in Ref. 1 , which was the first observation of stimulated polariton scattering in semiconductor microcavities. A circularly polarized ( ϩ ) pump excited the cavity at the so-called ''magic angle'' and generated a coherent polariton population at the inflection point of the lower polariton branch. Then a circularly polarized probe pulse generated polaritons in the ground state that stimulated resonant scattering of polaritons created by the pump pulse to the probed state ͑at kϭ0). In the first instance, it seemed that the scattering of polaritons from the pumped state towards the ground state could only happen if the pump and the probe were cocircularly polarized ͑both ϩ , for example͒. In case of cross-circularly polarized light, no stimulation should happen, at least if the spin-flip processes are not ultrafast as confirmed separately. 2 It thus seemed possible to describe all the intermediate situations where both pump and probe are elliptically polarized by simply decomposing the pulse pump into ϩ and Ϫ components, one of which is strongly scattered and the other which is not scattered at all. However, this picture has been completely ruled out by recent experimental results of Lagoudakis et al. 3 who have reported extremely unusual polarization properties of a microcavity excited resonantly at the ''magic angle'' ͑Fig. 1͒. To briefly summarize these results, in the case of a linearly polarized pump pulse and circularly polarized probe pulse the observed signal was linearly polarized but with a plane of polarization rotated by 45°with respect to the pump polarization. In the case of elliptically polarized pump pulses, the signal also became elliptical while the direction of the main axis of the ellipse rotated as a function of the circularity of the pump. In the case of a purely circular pump, the polarization of the signal was also circular but its intensity was half that found for a linear pump. The polarization of the idler emission emerging at roughly twice the magic angle showed a similar behavior, although in the case of a linearly polarized pump the idler polarization was rotated by 90°w ith respect to the pump polarization. In the paper by La-
͑a͒ Dispersion relations of exciton ( ex ), cavity photon ( cav ), upper ( UP ) and lower ( LP ) polaritons, showing the dominant pair scattering for pump polaritons. ͑b͒ Poincaré sphere, representing polarizations: right/left circular at P 3 ϭϮ1 and linear around the equator P 3 ϭ0. In experiments, the probe has always P 3 ϭϩ1, while the pump follows the dashed meridian.
goudakis et al. 3 a qualitative interpretation of part of this data was presented in terms of the optical Josephson effect and stimulated spin-flip processes in the cavities. However, a detailed understanding of the observed effects has not been achieved. This paper is organized as follows. In the next section a full set of experimental data on polarization and coherence of light emission by a resonantly excited microcavity in the parametric scattering regime will be presented. In Sec. III we present a semiclassical model that allows all the data to be fit using only two phenomenological parameters. In Sec. IV we derive these parameters using a pseudospin model. In the conclusion, remaining problems are discussed and possible extensions of the approach to describe polariton relaxation addressed.
In this section we give a short review of the experimental conditions, presented in detail in Ref. 3 . In addition, we show new experimental data relevant to the spin dynamics of stimulated polariton scattering and reveal the behavior of the idler emission that proves to be vital for a rigorous explanation of the phenomena. The semiconductor microcavity used is a conventional 3 ex /2, GaAs/In 0.06 Ga 0.94 /GaAs as described in Ref. 3 . The experiment is performed at a temperature of 10 K in the pulsed regime. The incident beams are derived from a 100 fs mode-locked Ti:sapphire laser and are spectrally filtered inside zero-dispersion grating compressors in order to selectively excite the lower polariton ͑LP͒ branch. The resulting 3 ps pulses are set in the standard geometrical pump-probe configuration of resonant stimulated polariton scattering. 1 In particular, a pump pulse injects resonantly a reservoir of polaritons at the point of inflection of the LP branch and a weak probe pulse is sent at normal incidence onto the sample resonant to the LP branch, seeding polaritons of zero in-plane wave vector as shown in Fig. 1͑a͒ . The stimulated pair scattering process amplifies the probe over two orders of magnitude, resulting in a strong signal emission at normal incidence and gives rise to light emerging at a higher angle ͑called the idler͒ which comes from polaritons with energy and wave-vector set from energy and momentum conservation for the scattering event. Throughout the experiment the polarization of the probe pulse is kept right circular whereas we change the pump polarization from right to left circular hence varying linearly the relative spin populations of the pump-injected polaritons while keeping the pump intensity constant. This polarization selectivity in the pulsed domain allows the details of the Coulomb dipoledipole scattering process to be sensitively investigated.
In order to keep track of the polarization of the different injected and emitted beams we analyze each polarization state using three Stokes parameters that correspond to the following polarization degrees:
where I ,↔, , are the intensities of linear components at 0°,90°,Ϯ45°to the horizontal, and I , are the circular components. In this way, we can express any polarization state as a vector in the orthogonal basis of Eq. ͑1͒ and we can project it in the 3D polarization space, also known as Poincaré sphere, as Fig. 1͑b͒ shows. Each of the Stokes parameters can be associated with a pseudospin S projection on three coordinate axes, so that S a ϭ P 1 , S b ϭ P 2 , S c ϭ P 3 . This defines the pseudospin model that will be discussed in detail in Sec. IV. Thus, throughout the experiment the polarization vector of the probe pulse is lying on the north pole of the Poincaré sphere. The polarization state of the pump pulse is moving along the meridian of the Poincaré sphere that passes through the equator at the states that corresponds to the horizontal and vertical linear polarizations, as shown in Fig. 1͑b͒ Fig. 4͑a͒ the total intensity of the emission versus pump circularity for both signal and idler. It is now evident that for the signal the total emitted light intensity is doubled for a linearly polarized pump compared to a ϩ polarized pump, while in the case of idler emission the total intensity monotonically drops as the pump circular polarization degree decreases. Note also that the coherence degree of signal and idler emission is different, as seen in Figs. 4͑b͒,4͑c͒. We define the coherence degree as the length of the polarization vector on Poincaré sphere. This parameter is always close to one for the signal while it is only about 0.5 for the idler at linear pumping. Enhancement of the idler coherence degree with polarization degree of the pump pulse is correlated with increasing overall intensity of idler emission, Fig. 4͑a͒ . These observations can be intuitively understood having in mind that the idler polaritons have longer life-times and can be efficiently elastically scattered with much higher probability than kϭ0 polaritons that have a huge photonic component. This shows that spin polarized excitons are more resistive and keep their polarization longer than linearly-polarized excitons. This should be true if spin-relaxation processes are slower than wave-vector relaxation, which is usally the case in quantum wells.
Furthermore, two new features appear from the comparison of signal and idler that will prove in the following sections to be of high importance for the understanding of the spin dynamics in the parametric scattering of polaritons. First, we observe that for horizontal linear pump polarization the signal emission is diagonally linear polarized. This fea-ture cannot be derived from a stimulation effect of the polariton scattering, as in our case we seed only polaritons of one spin component ( ϩ ). As we will discuss in detail in Sec. III this effect originates from the pump-induced splitting of the exciton resonance in directions both parallel and orthogonal to the linear polarization, which rotates the polarization of signal polaritons.
Secondly, for the same ͑horizontally linear͒ pump polarization, the idler emission turns out to be vertically linear polarized. This feature is in fact in agreement with the calculation by Ciuti et al. 4 which showed that the matrix element of exciton-exciton interactions V is dominated by the term coming from carrier-carrier exchange. This Coulomb interaction V is responsible for formation of signal and idler polariton populations. 1 Thus, the dipole moments of two polaritons that appear after the scattering should be oriented along the axis connecting two initial polaritons. In the case of linear pumping, the initial dipole moments of the interacting excitons are aligned along the X direction. Spin selection rules forbid the creation of circularly polarized excitons ͑which would not conserve angular momentum͒ thus polariton dipoles can only scatter in the XY plane. Since the dipole-dipole interaction is strongly anisotropic, the polarization of the two resulting polaritons will by preferentially in the Y direction. This is indeed what the idler emission shows. The polarization of the signal cannot be described by using this argument because scattering to the signal state is stimulated by an injected probe pulse which constrains the pair scattering. In Table I we have summarized the polarization dependence of signal and idler for the basic pump polarizations ͑horizontal, cocircular, cross circular to the probe͒. The extremely pronounced and clear beats between the two linearly polarized components of emission both in signal and idler versus the circular polarization degree of the pump pulse will be interpeted in the next section.
II. SEMICLASSICAL MODEL
In this section, we will apply a semiclassical nonlinear optical formalism to describe the stimulated scattering of polaritons. First, we consider the modification to propagation through the QW caused by optical pumping. Secondly, we consider diffraction of the pump pulse on the optical grating induced by the pump and probe pulses at the QW, which is nothing but a four-wave mixing process. The diffracted pulse then propagates freely within the cavity before tunneling out of the confining mirrors. The propagation of a diffracted light is described using the generalized scattering state technique. 5, 6 The nonlinear aspect of the optical propagation in a strongly pumped cavity is accounted through the renormalization of the energies of the exciton resonance due to the exchange interaction of two spin-polarized excitonic populations resonantly excited by the pump pulse. This renormalization is not specific for the microcavities. It has been observed and theoretically described in quantum wells. 7, 8 The pump pulse generates large ( ϩ and Ϫ ) coherent polariton populations. In what follows, we assume that on the time scale of the experiment ͑several picoseconds͒ the polariton spin is conserved. 2 If the ϩ population exceeds the Ϫ one, it provokes a blueshift of the ϩ exciton resonance and a redshift of the Ϫ exciton resonance. The reason is the repulsive exchange interaction between two excitonic populations as has been observed by Martin et al. 7 and theoretically described by Fernandez-Rossier et al. 8 and Savasta et al. 9 The main effect concerning our system is evidenced in Fig.  5 , which shows the shift of the ϩ and Ϫ lower polariton peaks as a function of the pump circular polarization degree. This shift is responsible for a giant Faraday rotation of the polarization plane of light during its propagation within the cavity. 10, 11 This Faraday rotation coupled to the initial rotation produced by the self-diffraction of the probe ͑when the pump is linearly polarized͒ is mainly responsible of the experimental finding of Ref. 3 . To gain an idea about the scale of the Faraday rotation effect in microcavities it is instructive to estimate analytically the amplitude of this rotation. In the following paragraph, we follow the method proposed in Ref. 10 . We consider the transmission coefficient of the quantum well at the exciton resonance frequency which is given by
where 0
is the exciton resonance frequency in the two polarizations, ⌫ 0 is the exciton radiative decay rate, and ␥ is the exciton nonradiative decay rate. If the inhomogeneous broadening is neglected, the polarization plane of a linearly polarized light passing through the QW rotates by the angle
͑3͒
In the case of a microcavity, the light emitted by a QW circulates many times between the mirrors thus accumulating an enhanced rotation before escaping the cavity. The amplitude of the emitted light can be found from
where r 1 and t 1 are the reflection and transmission coefficient of the Bragg mirror, respectively. The angle of resulting rotation of the linear polarization is F ϭarg͑E ͒ϭ r 1 sin 1Ϫr 1 cos . ͑5͒ Figure 6 shows the evolution of F calculated using Eq. ͑5͒ vs the circular polarization degree of the pump pulse using the splitting ( 0 Ϫ Ϫ 0 ϩ ) taken from the experimental data shown in Fig. 5 . The points show the experimentally measured polarization rotation angle of the signal emission. One can clearly see that the rotation of the polarization plane by more than 2 observed experimentally is due to the Faraday rotation of the light polarization which is induced by the spin-split polariton resonance.
We now describe a procedure that allows us to calculate numerically all the polarization characteristics of the emitted light. 12 We will represent an electric field of any wave propagating in our structure as a vector
͑6͒
where E X ,E Y are the field components in the plane of the microcavity. We consider the diffraction of the pump pulse on a polarization grating created in the plane of the quantum well by pump and probe pulses near the exciton resonance frequency. The amplitude of light diffracted by a quantum well is a product
where ␣,␤,␥,␦ take the values X or Y, P ␤ , P ␥ are the components of the pump pulse, S ␦ are the components of the probe pulse. We have omitted the diffraction of the pump pulse on the optical grating induced by the pump signal and and pump idler pulses because at the early times of the stimulated scattering the signal and idler amplitude is negligible. At longer times, scattering of the pump pulse on the grating formed by pump-signal and pump-idler are becoming important, but the polarization of signal ͑idler͒ must remain the same as in the very beginning of the scattering process, otherwise bosonic amplification of the scattering would be lost. Here and further, we shall also neglect higher order contributions to the diffracted field. The tensor T is unknown a priori but it should satisfy certain symmetry requirements.
In order to reveal them we introduce the two-component matrix
͑8͒
Rotational symmetry of the system allows us to decompose the matrix M into three terms
where A,B,C are constants independent of the pump and probe amplitudes, * denotes the complex conjugate of the fields, and ␦ ␣␤ is the Kronecker delta symbol. The first term in the right part of Eq. ͑9͒ describes the isotropic optical response of the system. The second term yields the in-plane anisotropy induced by a linearly polarized component of the pump pulse. The third term describes the gyrotropy induced by a circularly polarized component of the pump pulse. In a quantum picture the second term reflects the energy splitting of the exciton resonance in X-and Y-linear polarizations, while the third term reflects the ϩ , Ϫ polarized exciton energy splitting. Note that the second term vanishes for a purely circularly polarized pump while the third term vanishes if the pump is purely linearly polarized.
As long as A 0, its specific value does not change the dynamics observed, so we take for simplicity Aϭ1. Correct degrees of signal and idler polarizations at purely linear pumping can only be obtained using the following choice of B: Bϭ(iϪ1)A/2 for the signal, BϭϪA/2 for the idler. In order to have a circularly polarized emission at purely circular pumping it is sufficient to keep C imaginary. In order to have a correct course of the emission intensity versus we must chose CϭiA/8 for the signal, Cϭ2iA/3 for the idler.
Note that at this stage the coefficients B and C are nothing but free parameters of a phenomenological model. In the next section we will justify their choice from a microscopic model using the pseudospin formalism. From the point of view of nonlinear optics Eqs. ͑7͒-͑9͒ fully describe the po- larization of light diffracted at a quantum well. In order to account for the intensity dependence of the stimulation one should multiply the amplitude of Eq. ͑7͒ by a prefactor f that reflects the dependence of the observed scattering efficiency on the polarization of the pump pulse. This incorporates the spin selection rules found in Ref. 1 which are not yet included in the nonlinear mixing. In order to derive f () we follow experiment in taking the efficiency of spontaneous scattering of exciton polaritons equal to zero. This is the case for a fully Ϫ -polarized pump, whose stimulated scattering by a fully ϩ -polarized probe is forbidden when spin-flip processes are excluded. Thus we impose the condition f (Ϫ1)ϭ0, which arises from the experimental observations. Previous theories have shown that the energy shifts and the gain of the parametric amplification being considered depend on the repulsive potential of the exciton interaction and the coherently macroscopically occupied modes. 13 This means that we expect that the efficiency of stimulated scattering should follow the same trend of dependence as the energy shifts in Fig. 5 . Thus we approximate this using a simple form of f:
where ⌰(x) is the Heavyside step function.
The saturation of the function f at Ͼ0 seems to be a consequence of the saturation of the pair scattering previously seen. 2 In principle f can be calculated microscopically taking into account the spin-configuration dependence of the exciton-exciton scattering probabilities, which would require heavy calculations beyond the scope of this work. Once emission of light by a quantum well is described by the amplitude of Eq. ͑7͒ multiplied by the function of Eq. ͑10͒, one can directly calculate polarization and intensity of light emitted by the cavity using the following procedure. The complex electric field of light is decomposed into two circularly polarized components
where F ϩ(Ϫ) are complex coefficients. Then we calculate separately propagation of ϩ and Ϫ components and find the amplitudes of both circularly polarized components of light emitted by the microcavity, using the generalized scattering state technique. Within this technique described in Refs. 5,6 we solve the complete Maxwell equations that describe the light propagation within the cavity. All multiple reflections of light within the structure are taken into account by a full transfer matrix procedure. As a result, the complex amplitudes of light emitted by the cavity F ϩ(Ϫ) related to the two circular polarizations are obtained. Note that generally, if
Ϫ which results in a superimposed giant Faraday rotation effect.
This procedure for calculating the amplitude of light emitted by the cavity from the amplitude of light emitted by a quantum well is exact if no optical anisotropy of the cavity is present. That is, we assume that we can use the circular basis states for the photons inside the cavity, which is a reasonable assumption given the negligible birefringence of the Bragg mirrors at these angles. In fact, a signature of such a breakdown would be the appearance of a nonzero circular polarization emitted for linear pumping.
14 No experimental evidence of this was obtained ͓see Figs. 2͑a͒-2͑c͒, 3͑a͒-3͑c͔͒ .
The semiclassical model described here yields an impressive agreement with all the experimental data. Figures 2͑d͒-2͑f͒ shows the calculated intensities of signal emission in two circular and four linear polarizations as a function of . The agreement with the experimental measurements is substantial. Note especially that the period and amplitude of oscillations in linear polarizations, the ratio of intensities of the diagonal components of the emission at circular and linear pumping, and the polarization orientation at zero pumping, are all correctly predicted. Figures 3͑d͒-3͑f͒ shows the same kind of theoretical calculations for the idler. The polarization is now found to rotate by 90°when the pump is linear. The oscillations remain, even if their visibility decreases. Another remarkable agreement is that the intensity of the idler is now higher when both pump and probe are circular, in contrast with what happens for the signal. In Fig.  7 we have plotted the calculated intensities of signal emission as in Figs. 2͑d͒-2͑f͒ for different values of the parameter C. It is evident that parameter C has a negligible impact on the period and amplitude of oscillations in linear polarizations and on the polarization orientation at zero pumping. The only influence of parameter C that one could account for, is on the ratio of intensities of the different components of the emission at circular and linear pumping. Overall, the theory-experiment agreement is extremely good. The oscillations, overall intensity evolution versus the pump circularity and the 90°rotation of the linear pump are all correctly described.
III. PSEUDOSPIN MODEL
The advantages of the phenomenological model described in the previous section are twofold. It allows us to establish a connection between the observed oscillations in emitted linear polarization with the observed optically induced splitting of the exciton resonance in two circular polarizations via the well-known Faraday rotation effect. It also allows us to fit the model parameters B,C from the comparison of theory and experiment and thus to describe all the data with a very limited number of free parameters. The evident disadvantage of this model is that it does not explain in any way the choice of B and C. A micromodel analysis is needed to justify this choice.
In this section, we present a simple micromodel that confims some of the assumptions made in the previous section. This micromodel involves a new effect, namely, the optically induced splitting of the exciton resonance in X-and Y-linear polarizations. The scale of this splitting is much less than the observed excitonic splitting in circular polarizations, discussed in the previous section. That is why this XY splitting has not been directly experimentally detected and does not manifest itself in the properties of linear propagation of light within the cavity. Our analysis shows nevertheless that this effect is present and moreover it has a huge influence on the signal polarization for linear pumping.
In the following we will obtain an expression for the complex amplitude of light diffracted at a quantum well using the quantum theory of stimulated scattering. 13, 3 The stimulated scattering implies that the polaritons generated by the pump pulse scatter to the same quantum state as those from the probe pulse. However, in the case of linearly polarized pump and circularly polarized probe, this process is formally forbidden since it does not conserve the spin. On the other hand, due to the exchange interaction between polaritons from pump and probe, the polaritons excited by the probe pulse can start rotating their spins. This picture is illustrated in Fig.  8 showing precession of the pseudospin of the probe pulse around the pseudospin of the pump pulse. This process is described by the Hamiltonian
where i are the Pauli matrices, ប i is the pump-induced splitting of the exciton states linearly polarized along X and Y directions, ប z is the pump-induced splitting of the circularly polarized exciton states ϩ and Ϫ . The pump pulse is much more intense than the probe pulse so that the reciprocal effect of pump pseudospin precession around the probe pseudospin can be neglected. The second term on the right hand side of Eq. ͑12͒ is zero in the case of linearly polarized pumping, while the first term can be nonzero. The optically induced splitting of the exciton resonance in two orthogonal linear polarizations has never been described theoretically nor observed experimentally to the best of our knowledge. 15 However, it is not forbidden by symmetry and should exhibit the same features as the optically induced splitting of circular polarizations, namely, the exchange interaction between two exciton populations having different pseudospin projections. The exchange interaction of exciton populations with different dipole moment orientations but the same spin is apparently much less efficient than the exchange interaction involving spin flip. We estimate that the exciton resonance splitting in horizontal-and vertical-linear polarizations is of the order of few eV. Nevertheless, it introduces precession of the pseudospin of the probe polaritons in the bc plane on the pseudospin Poincaré sphere ͑Fig. 8͒. This explains why the probe pseudospin starts to have a b component that corresponds to a diagonal linear in-plane polarization. Expressing the projections of the pseudospin of the probe pulse on the a and b axes using the Hamiltonian in Eq. ͑12͒, for positive one can express the signal amplitude as
where a,b,c are the projections of the rotating pseudospin of the polaritons created by the probe pulse on a, b, and c axes given by a ϭͱ1Ϫ
2 ͑ 1Ϫcos ͒, ͑14͒ , and the plus/minus sign on the right-hand side of Eq. ͑11͒ corresponds to the positive/ negative value of the coefficient b . Here we assumed that due to the spin conservation requirement, the percentage of the polaritons that contribute to the circularly polarized c component of the signal is , while ͑1-) polaritons contribute to the linearly polarized signal emission.
Comparing Eqs. ͑13͒ and ͑7͒-͑9͒, one can obtain the coefficients B, C for the signal. A remarkable fact is that the coefficient B is independent of the parameter and is given by Bϭ(iϪ1)/2. This value can be easily understood from the pseudospin picture ͑Fig. 8͒ as the precession of the probe pseudospin about the effective pseudomagnetic field of the pump will always give rise to a diagonal component to the signal polarization which is then amplified. Thus, the pseudospin model yields exactly the same value of the coefficient B as the fit to the data. This is an important argument to justify that the basic assumption of the pseudospin model, namely the existence of a pump-induced XϪY splitting of the exciton resonance is correct. To obtain the coefficient C ͓and additionally the function f ()] one needs to know the polariton-polariton scattering rate dependence on which is not described within this simple picture. In fact, this idea of the probe pseudospin precession only helps to describe the polarization of the signal emission. This latter is mostly dependent on coefficients A,B. The pseudospin precession does not have any apparent impact on the intensity of signal emission that is sensitive to C or f.
For the idler, Eq. ͑13͒ cannot apply since no initial polarized seed of the final scattering state is supplied, and thus there is more freedom in which spin of polaritons scattered into these states. The idler polaritons are initially all preferentially Y polarized ͑because of the directional anisotropy of the dipole-dipole interaction, as discussed in Sec. II͒. Subsequently, the light emitted in the idler direction experiences the Faraday rotation that leads to the oscillations in the idler polarization as a function of .
To conclude this part, let us underline that the pseudospin model presented above is confirmed by the following additional experimental observations. ͑i͒ Strongly enhanced signal emission is observed at delay times between the pump and probe pulses exceeding ϳ1 ps in the case of a linear pump and a circular probe. 3 This confirms our assumption that the probe pulse should have a b component of pseudospin to stimulate the scattering. This b component is initially zero but appears with a ϳ1 ps delay as a result of the pseudospin precession.
͑ii͒ The signal emission is nonpolarized in the CW regime for a linearly polarized pump. This experimental observation is in excellent agreement with the model prediction based on the fact that in this case there are no seeded probe pseudospins and the spontaneous pair scattering over a long time yields equal populations of all possible emission polarizations.
IV. CONCLUSIONS
We have presented a semiclassical model that allows us to explain the surprising behavior of the polarized emission of resonantly excited microcavities. We show that the effect is governed by the diffraction of the pump pulse on the polarization grating created by the pump and probe pulses and by the resonant Faraday rotation of the polarization plane of light propagating in the cavity in the vicinity of the spin-split exciton resonance. The rotation of the polarization plane of the emitted light at 45°͑for signal͒ and 90°͑for idler͒ with respect to the polarization plane of a linearly polarized pump pulse is a consequence of the optically induced splitting of the exciton resonance for two linear polarizations ͑for signal͒ and of the anisotropy of the exciton-exciton exchange interaction ͑for idler͒. The oscillations of polarization of both signal and idler as a function of pump circularity is found to be a resonant Faraday rotation effect. We have presented a microscopic pseudospin model explaining the signal polarization behavior for the linear pump regime.
The theoretical analysis presented here was aimed at understanding the basic reasons for the surprising polarization effects observed experimentally. Briefly, these reasons can be summarized by optically induced excitonic splittings both in circular and linear polarizations, and the resulting giant Faraday effect. In order to reveal this essential physics we have used a very simple formalism that should be completed in further works, first of all, by a micromodel calculation of the polarization dependence of the exciton-exciton scattering rate. This would allow us to describe in detail the intensity of emission versus polarization degree of pumping which is only phenomenologically described by our present model. In future, we will extend the pseudospin model by developing kinetic equation for cavity polaritons in the three pseudospin projections. This would then become the appropriate tool to also analyze experimental polariton spin dynamics obtained under nonresonant pumping. 7 Accurate theoretical description of the predicted effect of optically induced scattering of the exciton resonance in two linear polarizations deserves a separate work indeed. We underline that polariton spin dynamics in microcavities is an area extremely rich on new effects and not yet substantially investigated. We believe that this work will help understanding of a part of these effects.
